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(54) REFLECTION TYPE IMAGE-FORMATION OPTICAL SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent an image- 
formation optical system from getting larger and to 
realize the wider viewing angle of the optical system. 
SOLUTION: This optical system is equipped with 1st to 
4th reflection mirrors 3a, 3b, 3c and 3d in order to 
successively reflect, enlarge and project luminous flux 
from an image forming body 2 such as an image forming **' 
element or an imaging device. Then, the 1st reflection 
mirror 3a is disposed to receive the luminous flux from 
the image forming body 2 by its reflection surface 
consisting of a curved surface in concave shape. The 
2nd reflection mirror 3b is disposed so that its reflection 
surface consisting of a curved surface in convex shape 
may turn to the luminous flux from the 1st reflection 

mirror 3a. The 3rd reflection mirror 3c is disposed so that its reflection surface consisting of a 
curved surface in convex shape may turn to the luminous flux from the 2nd reflection mirror 
3b. The 4th reflection mirror 3d is disposed so that its reflection surface consisting of a curved 
surface in convex shape may turn to the luminous flux from the 3rd reflection mirror 3c. 
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6^Bt«fB»-SWI*»fe«)3tJltKl«llH--rEttU 

ttenEfomitt. s&£=£M£i©[£b#©f&Ba>e>$ 
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[0006] jtBi o i frb%itbtiiz%%.ft-amMm 
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[0 0 0 8] 

JSQttSBB***k:tt£tT«> J: 5 

[0 0 0 9] B-K v JiSBafcSrBIOB^iv^B* 
*s*ofc. Bittt, g±B££l 2 OtffiUifcrSB 
£\ #SWB 103a, 103b, 103c ©E&PflRI 

£#5©-!?, IP*)^SIJil 0 3 a, 103 b, 103 

"C, 3-&JW^ 103a, 103b, 103c £*:lf{fc-f 
8iS«#T?T< 5. Bfc«=KBBl 0 3c ©*ltffcti 
S*-c?fc5o re* 9 RJCBftflstH* 9 
MW*f<ftoTl4 5ot, BP>tt;fc*t$©g 
B-?tt£flftft:*H9Jlv\ lSBAft»t#*or 
tS^BB©T«iJ^*< 4 9 v ±B#£3SoT L* 5 
©SftiR^^C-CL*5©-Cx rJUCfcoTfeJEBfl 
{fc£E9JiV\, 
[0010] SR-fc, E«aBB#5**#*# < ftoT 
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«^{-t>ISI«<Drai8Sr5feC.$«5jlHdS*>5. *#:6<j^ 

10 3b, 10 3 cT?Bfig$tlTV»5©'C, MftiR^tt 
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^©gwi-fs. 
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[HUH«rtfft-i-5fcft©*a] ±EBtt*ardW-5», 

fcTH«»***»6<03t*«rS»t 5 J: 5 icER LTV* 
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l E*©Elt3SI6**¥3Rfc*JV*-C, =§•£!*&© i*i©4> 
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[0016] »^3ie«©*wt«, mmLtzffixm 

lSH*©RltSfe^3fe^3U'*5^r. #EW*fc:l8tt 
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'>ft< tfc-o©SW^©K#tffi*lEl 
*S5fW*«iB«ttk:»* LTV*. 

[0 0 17] w©^, roR*9l3E«©SIWCH:, At 
JfiLfcl»*«lB«©*«tlHI*fc«tfrr«»a*». R% 
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ItffiSrSSftoi^Wc-fSit^.toTJUBWft*®* 

*3t*©aiftiRii©4ijE©e*fts:ii5«>*r t^Brtgt 

ftSo 4fc» S«ffi«riniXU*^ia<E»»*«BS»ttfc 
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4WitlS*e-f t !>RWI*»iiW5 C & S© 

So 
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[«n©mt<o^ffi] *38W©»-njsjgijgtco^ria 

1 Rxm 2 fc*-3V vCRWfS. 

fflt&tcr&9i-3txmiB<omm3 a, sat, §6 

ftffi»tttr*^S»^ftt«RH«>Rlrt»3b, 3cil; 

(WMMflO 2a>b«>3e*fc*£lttt3a, 3b, 3 
c, 3 4K:T«ftSttU-cmitrtt*S9-«-St>0-C«) 
6. 
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^S^KoeaS»Siil!iift»^3R'7- 2 IcMttrBR 
Sti/C^S. 85X&M&3bti x -t©SS*ffi^©iQ 
S&&-KM&3 a /&»f>©3fcS{C|RHfCER$4x-rv« 
5. S£=KJt&3 ctt, *©i*ftffi»«©i!bffiSr*X 
S#t«l3 b*>b©3fem»J:i^lfCER$ixTV^. gSEK 

«3 c*»fe©3t*Klfillt-CERSiirv^5. -t Lt, 3? 
-RJttiH3 a tirMi3 b i©KBI, RtWB^Rit 
<8i3 b m^R^m c t©fflHSr, ^HS*t^3 c t 
%mRSim3 d fc©MMJ;9fc*<ft3 < fc5fcER£ii 

[0 0 2 5] r©#£#K#tSl3 a, 3 b, 3c, 3d 

[ o o 2 6 ] 3tas i a> 5,36* btifcjfejfcfcfc&iaiKflwe 
rt* : r-2«raiiu ; e©?fe*:i4^-^e.mEg©RW^3 

a, 3 b, 3 c, 3 diZXMft.fc%i£tlZ>. ZVT. $ 
fflRttS^3 d-CSIt$tLfc3t*ASia*LftV^^^^ y 

S^$tL5« r©B#, S^H^©iS:^H^(41 2 

[0027] *mt«*icisrjaj|Sx»tWB=©K««ft 
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3b, 3c OSAtEO I £ ftffij&tm, y !/V=ir (Fr [0 0 2 8] 

itz Zernike) ©#«3££fflV>fc£LT©a;-T?*;*ix5. [& 1 ] 



Z = 



i+Vi-o+*)cv « 



x 2 + >> 2 



^ = tan" 
1 

c -~ 
r 



If) 



[0 0 2 9] £©»£\ ZMfflfS, kttnftffjR. 

i (i =1, 2, -, 7, 8) , A, (i =1, 2, 
2 7, 2 8), F j (i =1, 2, •», 2 7,2 
8) tt#**tjE«&, r tt*«HS^-e©ft*^IMi«r* 



(i = l, 2, 



2 7, 2 8) 



[0 0 3 0]«V^, I-MIHOSMi3a, 3d 

[0 0 3 1] 
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z= 
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c = — 



X 2 + >> 2 



[oo3 2] zfom&, ztmvmz, k\mm%m, 

A (i=l, 2, 7, 8) tt#**E«ft, rtt 
3tttH^"C<Dft*^Sr^-r 0 x, yteZ&7c£: 

[0 0 3 3] *Elti3a, 3b, 3c, 3 d OK 

[0034] rcoj: *Sllfi?gfiB^*5V^-Ctt, Ko 
^Ktt^3a, 3b, 3c, 3 d *r»W\ J.o N K 

w«3 a tm^RttMs b tnmm. &mcm~Rktm 

3 b £fgH£tt$l3 c <htf>FffiRi£ s mBK%iM3 c tig 
EKJ&$£3 d fcOBJJHJ; »9 t>*< LT^£<DT\ 3fe^» 

[0 0 3 5] A#ftfcR0H-5£, mtf 
H 5 ^-T=0(DKIttt 1 0 3 a , 103 b, 103c 



4*ttl0 3a, 103b, 1 0 3 c O^caWbtHSiK* 

ttKJBHKIMftl 03cfi, *%K^tto*IS 

awi3dj:9t>**<r6iaf#*>a. bp%, 

[0 0 3 6] U*»L*3»6, #WS»««)J:5»clffloo 
£U$&3a, 3 b, 3 c, 3 d&RttSCfcfCioT, 

a, 3b, 3c, 3 d©/J^fflfk*rH5rt!»-e#S 0 * 

[0 0 3 7] ***««l?tt«--atriBIHOS«' 
i3a, 3d*E(E#**#ffi»ttfc % Sfc, 
ff§Ztf>£M^3b, 3 c«rasjHa5»Wc»rtLTV^« 

BffcOiSS»&Kft£ig 5 £ & nT« fc ft So 
[0 0 3 8] SiC, S-St/IH^SIti3b, 3c£ 

b , 3 c fcTKJt Silfc#3t^OSftlR2IOWjE^ i A 

[oo3 9] *mMMnt&^xR&tm&%&&m 

3c) WttT^Sa^ iK-f Lt>CiiK:|R»t-8t©tfH: 
*V\ mZ-}t£, #Slt*3 a, 3b, 3c, 3 dcDftco 

jxa, »»©**ft*Hsitii3 d«iate*n^*«ffi?g 

[0 0 4 0] !OSItt3a, 3b, 3 c KJt 
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##B^fc»rtLT^80>-e, ^oiPX^ffiSJSffi* 
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©SAMS 3 b , 3 c K*5»5#Klta^W:3feJK«S|(5V^BI 

JB-2MWH©R*t*3 b, 3cii, ^coww 

a<6X10" 5 

8 d t te J; o TflMmrllft 3*8 £ t #g* b 

[0 0 4 3] jfclc, *|8WO*X^16»*«coVNrBl3 

[0 0 4 4] H3fttfH4lC*-rtt***3RW:, g*ft 
BB»R«r#rsi!-3S»6»=«>Slrtl 13a, 13b, 

nc^ ®^^^s^^*-ra^Ks^i 3 

*L<ttiWft*^<oiiii|Ogj«fl:i 2^e>0**S:*R 
Ml3a, 13b, 13c, 1 3 d teTJB*KJtSi£ 

[0 0 4 5] I-IM<il 3afc 

E^©BBfcTB«0ft*# 1 2©»Hffi3&»6o**Sr 
S»SJ:5^iaK*ixr^S 0 fB-Slrtfc 1 3 b tt, * 
coSS*ffi»tt(DiDiffiSrJB-S««l 3 a*»b*)**fc 
ftttTERS*i/t^a 0 JB=RWtl3ctt, ^ii 
ABJSttOiSiBtrffZSlMl 3 b*&©*j|tR:rtir*-C 



ERSfi/C^a. 3 dtt, *©B(E»»* 

ERS*i-C^8o m-R&m 1 3 a ^rBXStt 

Sl3b fccoffllH, &tf»XKtt^i 3 b £fgZKftg£ 

1 3 c t^niHSr, m~fc&mi 3 c ^kesw^i 3 
dt<Dmmx v hm< ft a j; 5 kers*i-c^8 0 

[0 0 4 6] Z<D®&&Rktmi 3 a, 13 b, 13 
c, 1 3 dtt, ***«ttfci3V^T*MB#»fcT«rt* 

[0 04 7]*«11 ^6«*6Jtfc*3lCttB«»rt* 
l 2T?KW$^ *©**tt»-*»bJKHOKjWtl 3 

a, 13b, 13c, 13dfcTJWtRltatt8. *L 
MBKMftl 3 dtfS4tSJifc*Jto»B«Lftv« 

fcB»sWft#3*u8. wO^p. tt^BlfcoSKBAril 
4 0*K±KiKBAft**i"CV^5 o 
[0 0 4 8] d£>*a\ #SMMtl 3 a, 13 b, 13 
c , 13dOift *B»KX VleHE*f|j;*3*ffi««fi % 

SB-^ife^ffi i mmottm £ n a 0 

[0 0 4 9] r<DJ:5l^ *HMHKll8^i3^rtfflo(D 
KAtaU3a, 13 b, 13 c, 13dtRtt, lo, 

jk-kwii 3 a tssxsit&i 3 b tomm, 
nrjsutmi 3 b tm=K$tmi 3 c &owiik\ 

EJHftl 3cir^E9SltMl 3dfc<&IHI«J;!)fc»K L 

o*aft*»*.ooi£BA{is*rBa c t as-ct a 0 

[0 0 5 0] ftlc, *iafc»B-cr4JB-^blB=0£BH 
*13a, 13b, 1 3c*ra*ftB»ttlC, *fc. IB 

HKittti 3 d*ECSMwste»Ric»rtLrv^ao 

EHMK Lfc^KJt^rWtt&ft*B*r»J*1-8 - 1 

y-v±ic»9S*ifcB*©K»«*fkfcBa 

riasWffitft5o 

[0 0 5 1] JEK, JB-^b*=Og|«||13a f 13 

b, 1 3 c 4rS**B»ttlc»rtLTV^a«>t?, rtt^ 

13a, 13b, 13c fcTKtt* 
O^ftifcMOffilEtf) 80 
HPfe, iO»B4ftB«tt«:»*-rart*-T»#5<o 

3»lc*|jErarfc*S'Cta. ^LT, m*ci9i««Wft 
**:**Lool£Bf!flS*:B8Cfc*nriBfcfta« 

SftB»ttSr*i-aS*rtto«W:, #rLfc*5US«!R 

[0 0 5 2] i©K»»13a, 13 b, 13 

Ete«ii**BJ^fc*rtLrv^ao'C, *o*px^« 
awffiSrffiSM-act^-eta. jsicwt, kv^«^* 
»fefta**3R<Dttfitxaicfcor, ^MkMl-caB 
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£>/&aKi»§l (*Hffi^ffi-m|g0Klt8i 1 3 d) &R 

tas-cta. 

[0 0 5 3] *fc, ffl»Lfcm-jllfi«ffii:IU«tJ:#S 
ltSll3a, 13b, 13c, 1 3 d &mm&ftK.XJ8 

t#-c#a. 

[0 0 5 4] 

flttt, £©#-K^©att©ftffia»e>j*aKl*B«:& 
- © JBHEWttDdMft© ft ffi A» brt 5Rltffi Sr* ~ 

HS^®iattofti5A»e>i*5s«affSr*=si«i*»e) 

EI^W©lffllH&8fe*a Io> 
tt»©/hlHt;«:iaa C a©"?, )fr?3i£ft©* 

i>ft«:«i*.ooKiiAfl:SrHi r. t a. 
[0055] rr-c, #Slt«6©rt©^*< tt-o-f 
o©Ett8©£H-ffi& g ft ftffi«*tfcflJj*i-5 £ i fci 
of, *©SltffiS:3lSW*ftffilc^-r«rtds-Cf 
a„ -©&, SftftBK»R«J»"eS*rt-53tJlE©3fiftiR 
^©*|]E©gftaSrfft«>5rtdSt?#, rHKJ: 9 31ft 
JRH©WE«:05ii:^-eftS©-e, SSfl*«£{fc&05 

[0 0 5 6] #RW«K:*i»tS. '>*<ifc-o 

©Elt&©£ltB£gftftffi^:tfcfc^£-f a /> 

^fig-TSrtlcJzo-C, 3Ifti|Rll©ttESria.5ri:/!i5-C 
#a« r©#£\ Batffi4raftftB5»tt»!:i-«rtteJ: 
oTS&tt/jiftB&J&fc-f-arias-Cta©-?, gftft 
ffi^^T?5At1-53t*©^ftJRH©fflE© g ftS£ 



flS&Bartai-Ct a. SitESriDILSvlaME 
[0 0 5 7] r©4§£\ ^EgSltHSr^rWSWffi^lHlte 

*f ###bj&r-c*> 5 ££Hi itsrtiaoT^ fife© 
RMm\cit^x^<o± # v >jBEgsit«©anx!js^a{c 

ta, 

[00 5 8] r r x\ £KMmmWi#®x>j&j$,-rz z 
iiaot, m±iiB.ki&&#yxx-Mf8. Ltzm&vm 
m%mmxnz&r t hSMmzmtittz r t a 

5„ 

[0 0 5 9] BP*>, **MfcJ:o-C3t**^{*:0*S!fls 

a»«**3R*#Si 4: Ottilia. 
[H®©«S*ft&W] 

CHI] *^l^aSMS^3t^©^-H»ffi 
4-^-fffiHffiH-Cfoa. 

[12] HftF , (i = l, 2, •», 2 7, 2 8) £ 

^•fHt?fea„ 

IBs] *^(c#asitMie«3t^©»riiii^ 

£^-ffflUSHi?fca„ 

[04] 4:|Sntc«aSltS!tttt^»oJR=9dk^tt 

«r^-r*waia-c;fca. 
[^#©m^] 

3a, 13a 85— £lt^ 
3b, 13b 

3c, 13c »=E*HH 
3d, 13d SBESttSI 

1 2 mvmj&fc 
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[0 2] 





FI(p,0) 




1 


1 
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-\/Tp cos ^ 




3 


sin ^ 




4 


^(2p J -1) 




5 


J6(p* sin 2^) 




6 


^(p a cos If) 
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<j8(3p l -2p) sin ^ 
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J8(3p l -2p)cos ^ 




9 


\^Tp 3 sin 3<0 




10 


\/Sp 3 cos 3^ 




11 


V5(6p 4 -6p 3 +1) 




12 


^T0(V-3^)cos2j* ; 




13 


^/l0(4p 4 -3p 2 )sin2^ 




14 


\/l0p 4 cos 4^ 




15 


\tf0"p 4 sin 4^ 




16 


^(10// -12p 3 +-3p)cos<* 




17 


-M(lQp s -Up* + 3p)sin$l 




18 


Vl2(5p 5 -4p 3 )cos3^ 




19 


Vi2(5p J -4p a )«n3rf' 




20 


Jl2p 5 cos 5^ 




21 


Jl2p s sin 5^ 




22 


>/7(20p'-30p + 12yP J -l) 




23 


Vl4(15p 6 -20p 4 +6p a )sin2f* 




24 


^4(1 5p« - 20p 4 + 6p 2 ) cos 2<* 




25 


^(6/? ff ~3p 4 )sin4^ 




26 


^(6p*-5p 4 )cos4(4 




27 


\fiTp 6 sin 6<fi 




28 


Jl4p 6 cos 6$ 



-8- 



[H5] 




-9- 



